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論文題 目:
Controlling　Variables　ofElectric　Double　Layer　Capacitance
（電気二重層の静電容量を決定する変数)
要 旨:
   The electric double-layer is of crucial significance for the electrochemical research 
studies. To provide a better understanding in the structure/composition f the double-
layer, controlling the variables of electric double-layer capacitance were explored by 
systematic experiments at solid electrodes. Partially aim to provide a guide for 
optimizing the design of capacitors/supercapacitors in pointing out the experimentally 
controlling parameters of the capacitance as well. The study focused on the role of ac 
frequency and dc-potential, kinds and concentrations of ions and solvents in the absence 
of faradic reactions by impedance measurements. A platinum wire electrode was used as 
insulator-free electrode, which avoids stray capacitance or irreproducibility of 
impedance caused by incompleteness of electric shield of electrodes as the 
conventionally used inlaid electrodes. 
   Chapter 1 which is the introductory section of the thesis is devoted to the 
background to the study, the problem subjects, objectives of the study, and scope of the 
study. Detailed literature review is described in chapter 2. Chapters 3, 4, 5 and 6 deal 
with the analysis of the frequency-dependent impedance data, variation of double layer 
capacitance with electrolytic ions and applied potential, the controlling variables of 
solvent for the capacitance, and a model of dielectric saturation in electric double layer 
capacitance, respectively.
  Chapter 3 deals with frequency-dependence of both the capacitance and the 
resistance of electric double layers. Details of the Nyquist plot are discussed. The results 
indicate the presence and origin of an in-phase component of the double layer 
capacitance. This component is apparently arranged in parallel combination with the 
double layer capacitance, although it does not exist physically. The capacitance 
decreases linearly with the logarithm of frequency, whereas, the resistance is inversely 
proportional to the frequency. 
   Evaluating the dependence of double-layer capacitance at the platinum wire 
electrode on the concentrations of four different kinds of halide ions and the  dc potential 
in the double-layer egions (from 0.0 to 0.4 V vs.  AglAgC1) is dealt with in chapter 4. 
Emphasis is laid on the shape of the double layer capacitance vs. dc-potential curves. 
The capacitance shows almost a value common to concentrations from 1 mM to 2 M  (= 
 mol.dm-3) and four halide ions, and varied ca. 10 % with the dc-potential in 0.1 M KF, 
KC1 and KBr solutions, while the in-phase component is unaffected. Results indicate 
that the capacitance has negligible influence on the localization of ions. 
  Experimentally controlled variables of solvent for the electric double layer 
capacitance obtained by two parallel platinum wire electrodes in the polarized potential 
domain are discussed in chapter 5. The evaluated capacitance shows no systematic 
relation with the dielectric constants, viscosity, boiling temperatures or dipole moments 
of the solvents, but is proportional to the inverse of the lengths of field-oriented 
molecule. The proportionality indicates common saturated ielectric constants, 6, of 13 
solvents. The variables controlling the capacitance are the saturated ielectric constants 
and the lengths of solvent molecules along the dipole.
  Chapter 6 is devoted to building a model of solvent molecules with oriented dipoles 
for dielectric saturation of the double layer capacitance, at which a molecular dipole is 
tilted by both the field and image force. The tilts were demonstrated theoretically by 
modifying the Debye's equation, where the tilted angles were mostly 90 degree at 0 dc-
potential, 10 mV ac-potential. Meanwhile all of 13 solvents exhibited tilted angles of c.a. 
80 degree in average, experimentally. The capacitance revealed a better proportionality 
to the inverse of the length of such dipole in the direction perpendicular to the electrode 
surface than that obtained similarly in chapter 5. As a result, the saturation of dielectric 
constants is ascribed to the tilts of dipoles caused by the image force against the external 
field.
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